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ABSTRACT
Microsatellites flying around big spacecraft can provide security monitoring for spacecrafts, extend mission functions, and provide an ideal platform for demonstrating and verifying key technologies of coordinated space missions. Most companion satellites have orbit manoeuvre capability. They usually take space station, aircraft,
piloted spaceship, big satellite or other big spacecraft as task centre or service object, and fly with it in a certain
relative formation.
The BX-1 micro-satellite is the companion satellite for the Shenzhou VII (SZ-7) manned spaceship and carries
out two in-orbit experiments in the Shenzhou VII mission: images capturing of SZ-7 and the companion flying
experiment. The release of BX-1 from SZ-7 was successful, which verifies the safety design of satellite release
in orbit. The observation of SZ-7 spaceship from space was achieved by BX-1 after it was released. Images
captured by the double-focusing system provide for the first time the high resolution photos of the spaceship at
a distance from about 4 metres to 8 km. After astronauts returned to the ground, BX-1 continues its mission
by conducting companion flying around the orbital module of SZ-7 remained in the orbit, which successfully
demonstrates the companion flying technologies of BX-1. In this paper, we give comprehensive information
about the BX-1 satellite and introduce the in-orbit experiments of BX-1 in the Shenzhou-7 mission with flight
datum.
1. INTRODUCTION

craft from omnidirectional position outside and different look angle, which is of great significance in case of
space station docking, astronauts spacewalk, surface
failure detection and monitoring of big spacecraft. On
the other hand the companion flying experiment drives
the development of microsatellite technology and the
companion microsatellite is an ideal platform for validation experiments of key technologies, effectively
stimulate the development of space new technology.

Companion microsatellites refer to the small satellites
flying around other spacecraft, which can monitor the
status of the spacecraft and carry out experiment of
new technologies. Most companion satellites have orbit manoeuvre capability. They usually take space station, aircraft, piloted spaceship, big satellite or other
big spacecraft as task centre or service object (called
prime satellite), and fly with it in a certain relative formation. Companion flying can be regarded as a special application of formation-flying technology, which
stresses on the companion satellite’s assistance to the
prime satellite [1].

In 2005 a project of companion flying satellite was
granted with two tasks: images capturing of SZ-7
spaceship and the companion flying experiment. After three years of development, BX-1, the companion
satellite of SZ-7 manned spaceship as shown in Figure 1, was launched into orbit with SZ-7 in September
2008, and successfully accomplished the three experimental tasks.

There have been many missions with companion satellites developed and launched. The typical companion
flying missions include the X-Mir Inspector mission
[2,3], AERCam nanosatellite, XSS vehicle of U.S.,
Livermore microsatellite [4] and so on. One important
application of companion microsatellites is that it can
provide high resolution observation of prime space-
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In this paper, we introduce the satellite design and implementation in section 2, which describes the spacecraft, the cameras, release device, functional subsys-
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Figure 1: BX-1 in SZ-7 mission
Figure 3: Cameras on BX-1

tems etc. In section 3 the in-orbit experimental results
and the overall performance are discussed. Conclusions are then presented in section 5.

length of 50mm with FOV of 7◦ × 9◦ . The detectors
are CMOS APS. Both cameras are installed on the +Z
panel of the release device on SZ-7 and pointing to the
spaceship. During the first four minutes after the BX-1
is released, when the BX-1 is within 160 metres from
the SZ-7, the wide-FOV camera takes close photos of
the spaceship. During the following 16 minutes, when
the satellite is of about 160m ∼ 900m away from the
spaceship, the narrow-FOV camera starts to work and
take images of the SZ-7 from different angles.

2. SATELLITE DESCRIPTION
2.1 Overview
The BX-1 companion micro-satellite of the SZ-7
manned spaceship aims to carry out three in-orbit experiments in the Shenzhou VII mission: the in-orbit
release, images capturing of SZ-7 spaceship and the
companion flying experiment. To accomplish these
objectives, the BX-1 companion flying mission includes a release device for releasing the BX-1 from the
SZ-7 spaceship, two visible cameras for taking photo
of SZ-7 spaceship after BX-1 is released, and AOCS
and propulsion subsystems for realising the companion flying.

2.3 Release Device
The release device of BX-1 is designed to connect
the BX-1 and SZ-7 mechanically and provide the resilience force for releasing BX-1 from SZ-7, fulfil the
task of companion satellite in-orbit safely releasing.
As shown in Figure 4, the release device of BX-1 consists of connectors and springs. BX-1 is fixed on SZ-7
by the connectors. After release, the connectors are unlocked and the satellite is pushed away from the spaceship with an initial velocity. Two springs are installed
symmetrically about pitch axis to ensure the attitude
stability in roll and yaw directions.

The configuration of BX-1 is as shown in Figure 2.
Solar arrays are on the surface of BX-1, with some
surface as radiators. The mass of the microsatellite is
about 39.8 kg (including 1.0kg propellant). The overall volume is about 450mm × 430mm × 450mm.
2.2 Cameras
BX-1 has two small cameras, a wide field of view camera and a narrow one as shown in Figure 3, to meet
the requirement to provide high-resolution colorful imagery of the Shenzhou-7 spaceship from several metres
to several kilometres, with a frame rate up to 12 fps.
These two cameras share the same electrical circuits.
Real-time image impression algorithm is applied onboard to improve the storage efficiency.

Considering the safety of the spaceship during the
satellite release, the release initial velocity of the companion satellite is designed with a rate of 0.675 m/s,
5 degree deviating from the spaceship velocity within
the orbital plane. The motion of BX-1 can be described
by the Hill equations [5,6]. Figure 5 shows the simulation results of the relative motion of BX-1 released
from SZ-7 [7]. 20 minutes later after release, BX-1 is
about 900 metres away from the spaceship.

The wide-FOV camera has a focal length of 10mm,
with FOV of 35◦ × 45◦ . The narrow one has a focal

2.4 Onboard Data Handling
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Figure 2: Configuration of BX-1

Figure 5: Relative motion of BX-1 released from SZ-7
Figure 4: Release device of BX-1

ing, transition pointing during orbit maneuver and
companion target pointing. The spaceship pointing accuracy is about 2 degrees, with stability of 0.1◦ /s.

BX-1 has a centralized high performance data handling system, with a 386EX CPU for central commanding control. The onboard computer fulfils the
data management tasks including flight dynamics control, AOCS data processing, payload data management, telemetry control, power and thermal control
and so on.

2.6 Propulsion Subsystem

2.5 AOCS Subsystem

The propulsion subsystem of BX-1 uses liquid ammonia as propellant, which has many advantages such as
non-pollution, low cost and small control impulse, and
is well suitable for microsatellites [8].

BX-1 is a three-axis stabilised spacecraft, with attitude measured by three sun sensors, a rate sensor and a
magnetometer and controlled by one bias momentum
wheel and three torque rods, as shown in Figure 6. The
subsystems exploits these sensors and actuators and is
capable of attitude determination and stabilised pointing which includes inertial pointing, spaceship point-

As shown in Figure 7, the propulsion subsystem of
BX-1 consists of one fill/drain valve, one filter, one
latch valve, one pressure sensor, one cold gas thruster,
a set of heater, two liquefied ammonia tanks and two
thermal sensors. After the latch valve is opened, according to the control instruction the thruster is opened
or closed. Using saturation vapor pressure, the propel-
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phase, steadily flying phase, approaching phase and
companion flying phase, as shown in Figure 8.

Figure 8: Flight phases of BX-1
During its lifetime, the BX-1 companion satellite has
successfully accomplished the two mission targets:
taking photos of SZ-7 spaceship in space, and realising
the companion flying around the orbital module of the
SZ-7. In the following sections the results of these two
experiments are discussed.

Figure 6: AOCS subsystem of BX-1
lant is jetted to implement the orbit control.

3.1 Image Capture of SZ-7
The BX-1 companion satellite was released during the
31st orbital period of the SZ-7 spaceship, at 19 : 24pm
Beijing Time on September 27, 2008. During the first
20 minutes after release, BX-1 took videos and images
of the spaceship, and kept pointing to the spaceship
during imaging. Figure 9, 10 and 11 show the photos
of the spaceship taken by the two different-FOV cameras of BX-1 at different times after release. It can be
seen that the pictures are clear with the spaceship correctly located,which well validates the release device,
the cameras and the attitude control subsystem of the
companion satellite.

Figure 7: Propulsion subsystem of BX-1
2.7 Communication Subsystem
BX-1 companion satellite uses USB TT&C mechanism and controlled by BACC through S-band antennas. The uplink of S-band TC commands has a bit rate
of 2000 bit/s, while downlink has a rate of 4000 bit/s.
BX-1 is also equipped with high-speed S-band downlink at a rate of 768 kbit/s, for rapidly transmitting
in-orbit observation data to the ground. The TT&C
and data downlink subsystems can be backup for each
other in case of failure.
3. EXPERIMENTAL RESULTS
The companion microsatellite BX-1 of the SZ-7
manned spaceship was launched into orbit on September 25, 2008. By December 25 in 2008, BX-1 has
been flying in orbit for three months, free of any problems. The flight phases during the three months include: before release phase, observation after release
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Figure 9: Photo of SZ-7 taken by BX-1 6 seconds after
release
3.2 Companion Flying Experiment
According to the flight phases of BX-1 as shown in
4
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Figure 12: Orbit-control strategy of companion flying

Figure 10: Photo of SZ-7 taken by BX-1 230 seconds
after release

Figure 13: Relative motion trajectory of BX-1 to the
orbital module
shown in Figure 13, where the curve shows the relative motion trajectory of the companion satellite BX-1
to the orbital module of the SZ-7 spaceship.
From the above results it can be seen that the orbit
control during companion flying formation and maintenance was successful, with orbital maneuver and
propulsion well carried out.

Figure 11: Photo of SZ-7 taken by BX-1 597 seconds
after release
Figure 8, the companion satellite kept flying away
from the spaceship right after the release. After the astronauts returned back to the ground, the orbital module of the spaceship remained in the orbit and the companion flying experiment started. At that time the BX1 microsatellite was on the same orbital plane of the
orbital module.

4 CONCLUSIONS
In Shenzhou VII mission, it is the first time that a microsatellite was released successfully from a manned
spaceship of China, so that imagery data and videos of
the manned spaceship flying in orbit were obtained by
a companion satellite. It is also the first time the companion flying was realised in Chinese space missions.
The total companion flying time is up to 100 hours.
The technologies such as the orbital maneuver for target approaching, companion flying and maintenance
have been successfully validated and demonstrated
during the companion flying experiment. The successful completion of the BX-1 companion microsatellite
has not only demonstrated a new and promising application for microsatellites, but also established and
validated technologies necessary for exploiting further
space missions such as formation flying and space station docking.

The orbit maneuver for the companion satellite to approach the spaceship was carried out in many times
during several days until the companion flying was
achieved. The orbit-control strategy of companion flying is shown in Figure 12. The whole process is divided into the distant approaching phase, close-up approaching phase, companion flying phase and flying
away phase. The main results of the companion flying are shown in Table 1. From the table we can see
that the longest companion flying was maintained for
about 70 orbital periods, that is more than 100 hours.
The results of orbit-control for companion flying are
Zhu
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Item
Distance to the Orbital Module
Semi-minor-axis of the Companion Flying Orbit
Companion Flying Duration

Target
< 8 km
3.8 km
> 3 orbital periods

Result
4 km on average
3.794 km
70 orbital periods

Table 1: Results of the companion flying experiment
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